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SUMMARY , SR ’
r Problem o o . .
v 'Fhe.problem addressed by this research conpcerned how to award in-
centives for achievement in training.' A difficulty with most “incentive
systems is that they provide the greatest payoff to high ability students.
In fact, in traditional incentive systems, lower ability students may
not get rewarded at all, regardless of how hard they try. The present
study was part of a program to tailow incentives to- the capabilities of .
» ~ eacu individual student. ghe major purpose, therefore, was to develap
and evaluate a method of oBjectively measuring the effort exerted by a
_ student in a technical training context.’ One particularly desirable ’
. “characteristic of such a measure would be its patential usefulness in '
) an effort-based incentive system. .
Approach = ‘ : ' .
The literature concerning physiological; rating, behavioral, and
‘computational techniques for measuring effort was reviewed. . As, demon-
s o strated by this review, many of the traditional measures have serious .
limitations. The approach taken in this study was based on the assump-
. tion that performance is largely a function of abiliry d4nd motivation
~  (effort). A logical consequence of this assumption is that & measure
of effort can be obtained by partialling ocut the influence of ability -
on performance. Thus, a residual score derived in this matner would
reflect what level of effort an individual was exerting. ' \ . -
_ For the puvpose of evaluating this derived measure of effort, an
8 1/2 hbour section of.an Air Force technical training course was selected
_ for study. Thig section was taken from the 9ircraft Electrical Repair~
man Course (3ABR42330), conducted at Chanute ALB, Illinois. Following
“an analysis®of the course material, a battery aof relevant ability
tests was given to a sample of Alr Force trainees in the  target course.
Regression equations predicting performance on the course material were
then developed and cross validated. v, Co-
.Using-.civilian ,8ubjects whose personal- characteristics approximated
the Air Forge population, a simulation of the selected course was ‘developed. °
These subjecgs'took the same ability tests and worked\en the siﬁg‘materials
' as did the Air Force subjects. To assure variability in effoft, three
pay systems were used ~ hourly, piece-rate, “and variable ratio/wariable
‘- amount. A'second set of regression equations predicting performance was -\ -
1 }developed and cross validated for the simulation sample. ' od -
: Derived effort scores were then calculated for the simulation .
subjects using both the Air Force generated weights and self-generated
weights by subtracting from actual performance the pérformance level,
predicted on the basis of ability. Finally, the derived effort scores
of the simulation subjects were correlated with a hard criterion of _
effort based on a photographiic record. o S ;(}/
‘ & e «

’ Results ‘ ‘ . ) e :

Resultls of the study showed that the ability test battery predicted
performancé‘equal&y ell for both samples. The hard criterion of effort ~
displayed wide variability, excellent reliability, and good construct

“ \) . ‘ . -l‘. ' ‘ o
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Concluaions

It was concluaed that the derived éffort index would not be adequatef‘
as an index of a single individual's effort, but could be quite useful -in’
aaaeasing differences in effog; between groups.
practical applicationa were discussed.
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‘validity. . The derived effort measure showed moderate correlations with-
actual effort. When the analyses were done with high and law ability
subjects Beparately, the correlations were larger.
v

s

A number. of specific
Calculation of derived-effort

.8cores was recommended for (1) the award of incentivaa to groups, {2)
‘the award of incentives to lower ability students (3) comparing the
motivational characteristics of different courses or blocks within
courses, (4) feedback to students and instructors

“(5) goaéfaetting.

t

,ébout group effort "and
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Introduction

The goal of training in the Air Force is to'maximize each individual's
“contribution to the Air Force mission. To accomplish-this goal, Air
Training Commgnd (ATC) attempts to train each man to accomplish specified
eriterion objegtives consonant with fieid requirements. The issue thus
becomes . one of optimizing performance in the training setting and :
vltimately in the field. Performance can be thought,of as beihg composed
of two major components, ability and motivation (Vroom, 1964). Clearly,
other classes of variables influence performance, but mpst would agree
that ability and motivation are extremely important comgonents of perfor-
mance (Campbell, Dumnette, Lawler & Wegick, 1970). This argument implies
that to maximize performance, one could maximize ability and maximize
motivation. The ability component can be dealt with by giving remedial s
instruction to low ability students (e.g., remedial ‘reading courses) and
By selecting instructional strategies to fit each individual 8 abilities
and traits. This leaves the issue of motivation. One of the apprpaches
to the motivation issue has been ta investigate the feasibility of using
incentive motivation techniques in an ATC training environment. (e.g.,
Pritchard, Von Bergen and DeLeo, 1974). P

-The classical approach to incentive motivation has been to give
valued rewards contingent on actual perfcrmance in some task. The
important point is that rewards are given on the basis of performance.
Thus, this classical approach would suggest that incentives be offered
to airmen on the basis of their scorés on exams and/or their speed of
finishing sections of the course. However, there is a problem with this
approach. Theories of human task motivation which deal with incentive
motivation (e g., Vroom, 1964; Porter and Lawler, 1968; Lawler, 1971)
talk about three’ components that influence motivation: (1), Valence
of rewards: the value the individual places on incentives, (2)
Performance - reward instrumeéntality: the perceived degree of connection
between performance and obtaining the rewards, and (3) Effort -
performance expectancy: the perceived degree of relationship between
a person's level of effort and level of performance. }

Only the first two of ‘these components are generally considered by
a classical incentive motivation approach. That is, valued rewards are
identified and made contingent on performance (e.g.,'acore on exams
and speed of finishing.) This ignores the issue of effort - performance
expectancx Specifically, high performance may be seen as highly
valuable, but if a person sees no relationship between his leVel of
effort and attaining high performance, he will not be motivated to
attain high performance For example, if a man were offered $10,000 to
pick up a 2000 podﬁd bldek of concrete, he would not attempt it even
though the valuye of performing the feat would be very high. He would
perceive that no matter how much effort be expended he could not pick
up the weight. Taking a more realistic example, an airman in tech school
. might value & 3-day pass very highly but feels that Being a top
performer would be impossible for him. Thus, the pass would not motivate
him. The problem is even greater when we consider that it isythe low
ability student who sees little chance of being a top performer, yet it
is precisely this student we wish to motivate. ]

5 .




: Th;e, what is additionally necessary is to deal somehow with the
relationship between effort and performance. This could be akcomplished,
. <at least in principle, in a rather simple way., If one werq¢£§ maximize

the contingencies between effort and rewards, students of any ability
level could be'motivated. That is, if an incentive aystem were 80
structurel ag to give valued rewards for high levels of ef£0£t,;all
students should be motivated.

The purpose of thé research described here was to develop and
evaluate a technique for objectively assessing effort. If this could be
doné in an economical and objective way, it would become quite easy to

_give incentiveg on the basis of effort.

Aside from the general issue of giving rewards on the ‘basis of
effort, this research ties in directly with the development of an
Advanced Instructional System (AIS) by the Alr Force Human Resources
Laboratory. The AIS is a computer-managed systems approach to training.
One of the central requirements of the AIS is that training packages be
individualized. This individualization covers not only the type of
training an individual receives but also attempts to maxinize the actual
motivation of each student. Developing a system which assesses student
effort, and which could be used to award incentives id clearly consistent
with the philosophy of individualizing the training package.

4




. system. ‘

Review of the Literature .- RN

Definitions and Medsurements of Effortl v ‘ -

Techniques for measuring effort are as numerous as definitions of
the term. For example, effort has been defined as a determinant of
motivation (Atkinson, 1964); -one component of motivation (Yacorzynski,
1942); the equivalent of motivation (Farquhar, 1963); and a measure of
motivation (Lawler and Porter, 1967).. Bach of these definitions.may
indeed be appropriate depending upon the context in which the term
is used. Regardless of the context, we would argue that effort is
‘closely assoclated with the construct of motivation. As such, effort
becomes a critical construct in the study of motivated behavior.

In this section, various techniques for measuring effort will be
described and evaluated. .The techniques to be discussed fall into
four categories. physiological rating, behavioral,, and computational.

Physiological Techniques

.
-

A very fundamental approach to the measurement of.effort involves
the use of physiological indicators. From this perspective,
motivation or effort, is Viewed as a state of genmeral arousal (Leukel,
1968). Generally, the level or degree of effort is determined by the
activity of the central or autonomic nervous systems. McClélland (1955)
lists several indices which might reflect this activity level: y

1. Energy expenditure (basal metabolic rate)

2. Autonomic activiiy (skin conductance)

3. Thresholds (reaction time) :

4, Muscle activity (eye movements and action potentiala)

5. Central-excitation level (determination of the frequency in

cycles per nd at which a flickering light fuses)

Other researcher§ have proposed additional physiological indices.
Circulatory changes such as pulse rate (Bitterman, 1945) and pulse
pressure (Lovekin, 1930) have been used to indicate effort expenditure.
Conflicting reports suggest, however; that there is not an established
technique for estimating effort by these changes in the circulatory

Measurements of muacular tension have also been used aq indices of
effort (Davis, 1939; Ryar, 1947; Solomon, 1946). Further, Bcott (1960),
proposed auditory flutter fusion (the frequency in cycles per second at
which a fluttering sound fuses) as an index of effort.:-

A major problem with physiological indices of effort seems to be
that such measures are confounded by a variety of fattors =- time of day
that the méasure was tak , amount of sleep that subject had, amount of
food consumed, task difffculty, fatigue, etc. . .

~

v

‘This review is based heavily on two other reviews. (Ramby, 1973
and Mayo, 1974.) The majority of the two reviews were done under support
of previous Air Force Human. Laboratory contracts; R.D. Pritchard,
Principal Investigator.




Beyond the substantial problem of confounding variablés, there
exigts the difficult, obtrusive, and expensive nature of obtaining
phyesiological measures. It would appear that frequent readings using
rather obvious apnd expensive equipment are necessary to obtain good
measures. Even when such indices are obt&inpble, further research is
needed to determine the accuracy. and applicability of such techniques
in a field setting. - : .

Rating Techniques : , \

Observations by trained experts such as clinicians or time-study mén
have been used to ossess effort. Early judgmental indices were used to
rate a person's work pace as being faster,or slower than "normal"
(Strauss and Sayles, 1960). For example, time studies (Barnes, 1940) -
require the observer to time each separate operation of ‘the. task and
rate the worker on skill, .effort, consistency, and the conditions under
which the study was conducted. These ratings are then numerically
adjusted to correct for differences in observation time. .Presgrave
(1945) developed a time-study technique wherein measures of effort were
determined by variations in the speed ‘to compleée a task. It would
seem that such a method based solely on speed would also include the
effects of skill, and therefore not present a clear assessment of
effort. By <lassifying workers according to skill level, Ryan (1947)
‘refined the criteria for determining levels of effort from observers'
xatings. ) :

One difficulty with observer ratings of effort is that raters may be
responding to performance rather than effort., Braunstein, Braunstein,
and Blumfield (1965) assessed the relationship between an overall
observed rating of effort and various measures of actual performance.
The authors found that effort ratings were only related to three of
the six performance measures. They concluded that. the raters may indeed
have been responding to something other than level of performance. ",
To insulate effort ratings from the effects of knowledge of performance,
some- researchers (Mitchell, 1966; Hackman & Porter, 1968; and Schneider
& Olson, 1970) have devised instruments requiring the raters to. focus
on effort rather than performance. Such attempts to separate
performance from effort seem to be an improvement over previous scales.

Since judgments of effort certainly have a subjective component,
self-ratings have also been used to measure effort. Obviously, Judges
or raters are not required, nor is any mechanical device needed to make
this type of effort determination. Typically, self-ratings gimply
require an individual to rate himself on some type of sgcale according
to the amount of effort put into a specific task or job. .

Thorndike (1913) asked subjects to rate their effort on various
parts of a learning task. Furst (1966) developed an effort scale and a
measure of motivhtiqn. Subjects rated themselves on a five-point .
gcale for nine effort statements. Furst found that this effort rating
_instrument correlated higher with a measure of motivation than.did an

achievement ‘measure. Employee attitude scales pertaining to different
aspects of the job have also been.used to measure effort (Lawler-ard
Porter, 1967). )

12



o . ~-—"Because of their subjective‘nature, both observer and self ratingsn
- of effort may be cdntaminated by the' same factors that bias all rating -
- scales. for examptey response set, halo effect, and leniency effect. -
" This . problem, in addition to questionable validity and reliability, o

AN

-

suggests that a mone obJective technique for measuring effort would - T
-'be desirable, S ' v ‘
- L _‘ i v . . » "\ .4
Behav1oral.Techniqges St - o .

Researchers in learning’ ‘theory have used certain behaviors. of :
" human arid infra~human organisms .as indices of effort. - One approach
establishes a motivational. state by exposing the organism to a set of
ot antecedent conditions, and then observing the change in the “organism's
“ _ '« =~ behavior. . This behawior change is considered a measure of motivation.
o For example,win the ease of hunger, motivation would be operationalized
" by subjecting laboratory animals to various degrees of food deprivation. L
.The rate of response behavior (bar pressing) would be the measure of ’ it
motivation or effort. Obviously, such a rate of response measure is of
- e - li;tle value when dealing with the complex nature of human effort. 1 I
S Another approach, more useful with humans, is simply to megsure |
behzziﬁf% that appear to correlate with effort. Davis (1939) und'

. cert@in movements of the right arm to be associated wilth the effort ! ' .
' experience in the solution of arithmetic problems. Luchins and Luchins '
- (1954) employed a mirror-tracing task and observed that fidgeting and C
- f sweating actompanied high levels of mental effort. Yacorzynski (1942),
SN fgund ‘some evidence to indicate that time taken to complete a given task
T, 7;' ‘'was related  to eéffort. Such behavdoral indices are subject to a
o variety of problems. Measures like#ﬁ%m movements, fidgeting, and-
‘sweating are potentially confounded by any individual or situatiomal .
- variable that also might cause such behaviore Task completion time
" as an effort méasure does not account for ability differences. Thusy
i it seems'that behavioral measires. are subject to several specific
- _pfoblens, as'well as the general problems of rater bids and
R '. unreliability. Such problems significantly reduce the desirability of
- - using behavioral indices of effort.

SR Computational Techniques . o ' I .
N ¥ ' : -

". , Another@general approach to the measurement of effort is based , ’
vl simply on computationally deriving an effort score. Educators ' oot

interested in obtaining such.effort scores typically use the ratio or

y : difference between achievemegpt and intellignece scores.,, - The simplest

e . of these indices of effort is the Accomplishment Quotient (Pintner,

| e 11920.) The AQ is the ratio of an individual's actual rate of

T . . educational progress (Educational Quotient) to the potential rate o

of progress (Intelligence Quotierit). According to HaVen,(1931), thls_ , <ot
measure of effort evaluates the accomplishment of an individual in.terms

of his own ability. Deviations above and below 1.00 indicate the degree

of effort expenditure and ability utilization in vdrious’ performance :

tasks. ' .

’ ‘ - , e I ‘A - ’_- P ) . ¢
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. The Efficiency tio (ER) has also been‘used as an index of effort .
o (Ford 1931), Stati 11y it is : . : '
T e ;pa - S/Av(IQ/lOO) X 100, _

- x'f { whére; .S 1s the individual's score on an. achievement test aquAv is the

Average of an experimental group on the same achievement test. A
resulting score of 100 indicates that the individual is exerting
o, normal or average effort. -Scores above 100 reflect above average ’ T
effort, whereas scores below indicate below average effort. . . N
_ The, Effort Quotient (FQ) also used a ratio techniques to measure- A
‘effort (Tsao, 1943). : ’

FQ = (E/predicted E) X 100, T :

vhere E is an individualls educational sdore, and predicted E is the
predicted value of the educational score based on an intelligence .
_ measure. . More specifically, the regression equation used to predict an
‘f individual's educational score is:

pred E = = bggMy + byl = b I + Ky ‘

where M, and M are the mean values of intellignece and achievement,
respectively, and I is the known individual 1ntelllgence score. The
final component bei is determined by:

i ‘reise/S ‘ ’ '
‘where r, is the correlation between the.intelligence and achievement
scores; and S, and S_‘are the standard déviations of the intelligence

e
and achievemenit scorés, respectively. If the-resulting value for the
FQ is 100 (actual educational score equals predicted score), then -
according to Tsao, the individual is exerting normal effort. Values .
,- . .of FQ above of below 100 reflect higher or lower amounts of effort,
' respectivély.
A common difference technique used to, assess effort is the Effort
Score (McCall, 1930). ‘

F=T, -T, +50,

where T and T are T scores on an achievement and intelligenct test
,respectively(aeT score is 1/10 of the standard deviation of the
experimental group on the particular measure). An individual whose
Tq score is equivalent to his T, score is said to be exerting noxmal
effort, Scores above and below 50 reflect various degrees of effort.
‘In a review -0f the previously mentioned techniques for measuring
effort, Tsao pointed out that the AQ score, the F score, and the ER
score fail.to consider the correlation between intelligemce and
education. He concluded, -therefore, that each of these techniques gives
a biased estimate of effort. - .
"~ "'similar techniques hlave been used in other areas of Education. One
other common approach to determining over- and underachievement, is the
‘derivation of a discrepancy score. This particular technique is
computed simply by subtracting the aptitude score for an individual -
from his achievement score., The resulting residual is a measure
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of over or undér-ashievement. That is, a negative descrepancy score
repyesents under-achievement, -and a positive one over-achievement.
Because this crude difference score leads to a systematic negative bias
for those individuals high in aptitude, and whereas a positive bias

[will result for those low in aptitude, ,(Thorndike (1963), suggests thaf

achievement be predicted ffom aptitude on the basis of the known L

" correlation between the aptitude measure and the achievement measure -

(this is similar to the FQ technique). This prediction or regression
equation will give the average achievement score for individuals at any »
given aptitude level. The predicted value will then be an unbiased

estimate of achiévement. " : s

Summary of Effort Measures . P "’ : / ' . .

The techniques discussed, particularly rating scales, tend to be too
subjective to adequately assess effort. 0f concern-are the effects of *
rating biases which may serve to contaminate the measure.? That is,
raters may be responding to a dimension other than effort. Further,
the question remains relatively unansyered as tc whether physiological.
measures or rate of responding measures do indeed reflect effort. These
techniques focus only on output, and therefore may 7ot be bmpletely
representative of an individual's effort. ; ‘

Given that a motivated individual is ome who exerts both physical and
mental effort, effort. appears to be defined along more than a single
dimension. What is needed then, is an approach whish is»reflective of
both the. physical and mental aspegts of effort,.and at the same time is .

N

 an objective and valid representation ofi the construct. The work of
Tsao with the Effort Quotient, and the work of Thorndike with over- and L

under-achievement appear to come closest to satisfying these criteria.
Although Thorndtke's measure is not conceptualized in terms of effort, .
it does afford an indirect and less subjective approach to the
measurement of over- and under-achievement. Further, this measure has
been connected to motivation (effort) by a few authors (Appelzweig,
Moeller and Burdick, 1956; Mayo and Manning, 1961; and' Farquhar, 1963).

In each of these studies, the terms over- and under®achievement haye

been used as the operational definitions of high and low motivation.

That is, this discrepancy or residual-score was considered a measure of

,motivation.

*The Effort Quotient (FQ), while similar Thorndike's technique, uses

.a ratio approach for assessing effort, rather than a difference score.
.- Further, since. FQ score was developed in terms of effort it may also

be veluable in the construction of an effort measure.

A

Conclusions from the Literature Review

Clearly there have been many approaches to measuring effort. Most
of them, however, have serious limitations for use in an Alr Force
trainigg context. Ratings and physiological measures would not only be
difficult to collect, but their validity is questionable. '

e
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The approach taken by the' present resedrch is to deal with the derived
effort measure priginally developed by Pritchard, Von Bergen, and Deleo,
1974. The approach .assumes that performance is largely a functiln of

. ability and motivation (effort). Given this assumption, which cah be
/$ empirically tested, one can get a measure of effort by partialling out.

the influence of ability on performance. The residual’ could then be -

considered a measure of effort. ‘Specifically, onesgould generate a >
prediction equation from ability test data which taps relevant ability
.. domains.of aqéiven training course. ' Once this equation is generated, vo.
I 1t could b2 used to calculate a predicted score (a level of performince -
“and/or speed of completion) of a given individual on a given segment of . )

a course. Conceptually, this predicted score would be the mean actual
performance of a group of students with similar sets of ability scores. :
Thus, since ability is constant, variations in performance should be due - . v
to variations in effort. =~ - : St , .o .
- This predicted score for each individual,can. then'serve as the
mechanism for determining effort. This would be accomplished by sub-
tracting the predicted score from the student's actualigscore. This '’ e
' residual cduld then be considered as a measure of effoft,rand the higher .
the score, the more effort the student exerted. . " : ’
It is obvious that the entire system rests on thé assumption that
technical school perfo;mance is largely a function of ability and
-~ effort, and tﬁat‘when%&bif&t& is bartialledbout the remaining variance .
in performance 'is highly satufated with variance in effort. It is < .
precisely this assupption that the present research was designed to test.
Before discusfing the research plan, however, let us consider some of
the advantages of an incentive system which gives. rewards-based on-
effort. : ' BT N ' |
First, such a system is'individualizéd. Each persqn gets a predicted - .
score based on his own pattern of abilities. Second, theg-system would . '
reward effort rather than performance. The advantages of this approach * -
were discussed earlier. Third, the system equalizgg'éh§ incentive » o
system in that all students have an equal chance to ‘&4 incentives. '
Related to this 1s the advartage that all students should: be-motivated
~to high effort, not just the high ability students. Fourth, the measure
2 of effort could serve as a very useful overall measure of the effective-
ness of changes in the course. Specifically, innovations and ‘constant
changes will undoubtedly be made in a course. The problem is how to
assess the impact of these changes. Our own experience has shown that '
the ability levels of students entering any given technical school
course can vary greatly over a short pgriod of time. This makes ‘ .
. assessing the ,effects of any changes very difficult without partialling
out abiltiy somehow. The system proposed here ‘does this automatically
and thus is directly interpretable. Other less wbvious advantages would
include the identification of problem students, and use for counseling
purposes. For example, the system would easily, identify a studenf of.
high ability who was barely passing the course (low effort). Finally,
the system would be useful for other motivational applications. For
example, the target score-could be used as the basis for various types
\ - of goal setting procedures. N :
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‘Method and ‘Procedures >
Overview L ' . : .
o f - ) ’ : :
7 ~ Inigially, it was necessary to select an ongoing AF teéhniéal.training
- coursé to use as the target course and examine the course materials in ’
o order to assess the abilities required. by that material. Based on this
* analysis, a battery of ability tests was formed to tap relevant

abilities.. These tests were then giveﬁgno a sample of AF trainees in '
the selected course. Regression equatf%hs.were then developed to predict

performance in the target course.
simulation of the selected course
simulation subjects took the same
on the same training materials as

The next step was to deyelop a

using civilian subjects. These
battery of ability tests,-and worked
did the actual AP subjects.. A second.

set of regression equations was developed for the.simulation sample.
Derived effort scores were, then calculated using both the Air Force
generated weights and the*self generated weights by subtracting from
actual performance the performance level predicted on’ the basis of
ability. The final step consisted of comparing the derived effort scores .
of the simulation subjects to, a hard criterion of effort which was )
based on a photographic record. The greater the relationship between.
: ‘the derived effort m=asure and the hard cirterion of effort, the better
o the derived effort could be said to be measuring effort. ’

Selection of Task Material . ' - . a \

Four criteria were used in the gelectionjof task material. The first
was that it be part of dn ongoing Air Force technical course. This was
necessary to be ‘able to maximally generalize td the Air Force.context.
Second, it had to be seélf<paced. Since the AIS, for example, 18 a
self-paced system, the finddngg would be more usable if a self-paced
course was utilized in the simulation. Third, it had to:ﬁtifize :
programmed texts. "It was not feasible to have a fully trained instructor
4 in the simulation, and thus the use of programmed texts was felt
. necessary. In addition, the AIS will use programmed materials.

thally, for logistical reasoms, it had to be a section of materials

which did not require extensive training equipment. : o

A number of possibilities were examired, and ultimately the Aircraft

Electrical Repairman (AER) course (3ABR42330) was- selected. - This 1is a

self-paced course utilizing programmed texts which coﬁers the c) 2

fundamentals of electricity and the maintenance and repairs of electrical

systems in alrcraft. Although the’ complete course requires extensive
training equipment and skilled instruyctors, the first section of the
course covers more basic material and does not require’' equipment. -

The section of the AER course used in this study consisted of the

« following programmed texts: ' ‘ '

Aircraft Familiarization

Elements of Physics and Mechancis

Electron Theory . &

13




Magnetism - -
DC Generation and Basic Circuit Symbols and Terms
Series 'Circuits Wiring Diagrams - g

.Because this 8% hour section occurred early in the sequence of course

work, students were not required to 4= any training equipment. As a
whole, the programmed texts were introd ctory. in nature and were

‘designed to provide basicAknowledge angibackground necessary for the

completion of subsequént course work. : , :
The specific learning objectives provide an, excellent description of

the content area of each programmed text. In Aircraft Familiarization,

students were required to id ntify aircraft components,.aircraft e

TN

movements, and the directién of aerodynamic forces from diagrams. Al?b

. required was a working knowledge of the alphanumeric aircraft desigﬁbéion

" Bystem. (o ,

o

Elements of Physics and Mechanics was used to train students dn the
principles and methods of using simple machines. , Also required was a
knowledge of the causes and ‘controls for various types of corrosion.
Students had to identify the effects of pressure and temperature -
changes on solids, liquids, and gases. .

+ Successful completion of Electron Theory required an, understanding
of subatomic particles as well as the principles, symbols, and ) i
measures associated with voltage, resistence, current, and conductances.

The programmed text, Magnetism, dedlt with characteristics of
permanent magnets and electromagnéts. 5Students were ‘required to T48p ..

basi¢ concepts of magnetism and had to identify electromagnetic effects.

‘£rom diagrams. : "

°DC Generation and Basic Gircuit Symboldvénd Tefms was used to teach
students the basic operation of electric components associated with .

. direct current generation. Additionally, the text was used to train

students to recognize certain electrical symbols and terms. \

The final text, Series Circuits Wiring Diagrams, was used to train
students in the use of electrical station nurbering systems. ‘Terms and .
procedures associated with this systemd were stressed.

~ . . -

Ability Testing

Once the materials were selected, they were carefully examined to
identify the ability dimensions required by -the materials. This was
done on an intuitive basis. Ultimately, a battery of five tests were
selected. ' ‘ - : , ’

- These tests were selected because they were: 1) designed for
standarized group administration, 2) highly reliable and valid, -and 3)

. relevant to the abiliEy requirements of the task material. The Otis-

Lennon Mental Ability Test was. used to measure gereral intelligence.
General abilities related to logic, mathematics, and vocabulary are
measured via this iInstrument. Such abilities are considered relevant to
nearly any learning task. ‘ , . ' ‘

The Paragraph Meaning Test was selected from the most durrent version

- of the Stanford Achievement Test Battery. This test was selected to tap
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reading comﬁréhension gkills,- The. format of this test closely parallels
the format of'‘a programmed-text - a paragraph is presented and’related
questions and completion items follow immediately. It was reasoned that
the ability %o comprehend and respond to a small segment of written
material would be very relevant to a programmed learning task. ' a
While progressing through the task material, the subjects were also
required to interpret figures and dlagrams. The Study Skills of the
1952 version of the Stanford Achievement Test Battery was selected since
it dealt primarily with the extraction, synthesis, and interpretation
of informati¢n presented graphically and diagramatically. )
Also important to completing the programmed texts was very basic
mechanics and an understanding of topics sych as simple machines,
magnetic lines of force, and electron flow. To*measure related
. . abilities, the Mechanical Reasoning and Space Relations sections of the
Differentidl Aptitude Tests were administered: " . _
Once selected, the battery was adminigtered to a sample of AF trainees ™
in the AER course. This was accomplishe¥ by giving. the three~hour
‘test battery to students as they entered the course. © A member of the
research staff administered the battery to students on fhgir first day
of class; Trainees wete told that the tesfs were important in that they
tapped abilities relevant to dq}ng~We11_in‘thg"qbuyse; and that they
sheuld do their best on the tests. RN "

L3
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. Dependent Variables

~
-

Final data.collection in the Air Force context consisted of
performance data over the first six PTs for those trainees wﬁo-had taken
the ability test battery. ‘wata were collected on. three variables. Thew
major dependent variable was time-to-complete the first gix PTs. Also,
data’on scores (percent correct) for each PT were collécted. Finally,
when the trainee had finished the six PTs he was given.a specially
désigned comprehensive test over all the material covered in the six PTs.

Dafa on the first two variables were collected by having the’
instructor record, on a specially designed form, the time ‘a 'student

started a given PT, when he took the appraisal test for that PT, his
score on the appraisal, and the time he started the next PT. If the '
student falled: to pass the PT, this was also recorded. Thus, it was
) ~ 'possible to calculate total time spent on the PTs, as well as mean
- appralsal score. . ' ‘ ‘ i .
. The comprehensive test pr'dgvelopedFeSpecially for this project to -
4 over all the material in the six PTs. Sixty iteps were initally
ompiled. Many items werk newly developed while others paralled items
found in course appraisals and criterion tests. These items were n
evaluated for accuracy of content by AER course instructors and then -
administered to 32 students in the program. Based on an item analysis
of ‘their responses, a final 55-item version of the comprehensive test '~
was. developed. ‘

. . o '

The Work Simulation

Thé second phase of the research'was to design a simulation of the AER . =
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rourse, collect the same ability and performance dat s and obtain a hard
- criterion of effort. : S

.

Task Material

The first six-PTs of task material used in the éﬂmulations were _
‘identical to those used in the actual AER course. Copies of the actual
PTs were made, and the same exact tests were usedy Since the major
dependent variable was the time it wquld take to ifinish the six PTs it

"¢’was important that every subject actually finish the material during
the simulatiop. Thus, it was arranged so that, ased on avallable Air
Force experiences, everyone ‘should be able to' figish in the 20-hour v

*  working time schedyled for thé simulation. However, 1t was anticipated
that’ most subjects would finish in less than 20 hours, and the better

- students were expected to finish much more. quickly. Consequently,
additional task material was generated for use when the subject had
finighed the first six PTs. 'This material was based on published
programmed texts in electricty and eléctronics (qu York Institute of-
‘Technology 19635 1964) and had been used successfylly in a similar
- gsetting by Rritchard Leonard, Von Bergen, and Kirk (1974). However,
- for the purposes of this report, only the data from ‘the first six
. PTs are relevant. . g _ .

Subjects

-t

[

It was felt important that the subjects selected for the simulation
be as similar as possible to the trainees in the AER course. Thus, .an *
attempt was made.to recruit subjects of the same age range and general
ability level as those in the AER course. ¥ .

The simulation was actually composed of three geparate data Y
collections, in three meparate cities in Indiana. Approximately two
weeks before the simulations was due to start, advertisements were
placed in local newspapers. and flyers were distrihuted in the area 1
describing the job and telling subjects where to xreport. (See Appendix A
for a copy of the advertisement.) It was planned to have 20 subjects
in each of the three data collections, and the advertisements were
quite successful in that each condition, more tham twenty people showed
up for the job. + .

Procedure ‘ : ’
*  Once the subjects arrived, they were given an application blgnk and
the job was described to them. They were told that we were interested
in a new method of technical training which involved programmed texts,,
and that they woyld be working with these programmed texts in .
4 electricity and electronics. It was pointed out that no special skills

YWere required, and that it was pot necessary that they have any previous

expertences or knbwledge of eléatricity or electronics. At that point,

., anyone not interested in pursuing the job was told that they could leave.

" No one, in fact, actually left. :

, They were tﬂen told that, as the ad stated, we only needed 20
people. Since more than 20 were present, some. of them could not be

: - 16
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hired. They were then given a short test of knowledge about electricity
and eleectronics. This test dealt with questions which would not generally
be familiar to someone without some background in this area, Examples ,
were "Define static discharges, magnetic permeability etec." (a copy of the
test appears in Appendix B.) i : ] . : .

Although subjects were advised to do as well as possible on the test,
its actual purpose was to eliminate those people who had some knowledge
of electricity and eléctronigh.

. nyone who got more than one answer\correét on this test was eliminated.
Of those applicants remaining, 10 males and 10 females were randomly
selected. .The rest of the applicants were thanked and dismissed.

The remainder of the first day consisted of giving the subjects
the battery of ability tests used in the Air Force sample, explaining the
task in detail, and giving subjects some practice working on a sample PT.

In order to assess the utility of the dexived effort measure it was
necessary to assure that some variability in effort was, in fact, present.’
To this end, three c¢onditions were utilized, varying in the type of pay
systemsemployed. The first was an hourly system whereby Eubjecté received
$2.00- per_ hour. The second was essentially a piece' rate. Each PT was
given a dpllar value, and when thes subject pagsed the appraisal for the
PT, he redeived that amount of money. The more PTs finished, the more
money he would earn (All money earned was paid at the end of the week).
This "value" of each PT was based on the data from the hourly condition.
If, on the average, hourly sUbject§ took e.g. 2 hours to finish a given
PT, 'this value was multiplied by the $2.00/hour rate to get the "value"
of that PT. In this example, it,yQuld,be $4.00, Thus, if subjects in
the piece rate condition worked at an average pace, they would make
$2.00 per hour. If they worked faster, they would earn more. .

The third condition was similar to the piece rate'or fixed ratio (FR)
condition in that pay was contingent on performance, but the actual pay -
schedule was different. The third .condition utilized a variable ratio-
variable amount (VRVA) sched le. In this condition, subjects did not

- . knaw how muéh_a given PT washwdrth gince its "payoff" varied from $0 to

$6.Q0 times the number of hours taken to complete it for the hourly

_ condition. Thus,  for a PT which took 2 hours to complete in the hourly

sample, .subjects in the simulation sample could earn $0 through $12.00.
The determination of which level of pay they actually received was random,
but set so as to-average $2.00 per hour if performance equalled that in
the hourly sample. - -

The three conditions were run independently in three different cities
and subjects in one condition were exposed only to that condition. The
system was explained the first day, and subjects worked the following ,
four days under the appropriate systém. Including the first day used for
testing and orientation, subjects were in the aimulacion.for five days, p
five hours per day. '

At the start of the second day, all subjects were given the first PT
and told to start. ,When they felt they knew the material, they approached
the instructor and were given the appraisal for the first PT. (A sample
appraisal appears in Appendix C.) ~ When completed, it was scojred by the
instructor. If the subject passed the appraisal, he was given the second
PT. If he failed the test (75% correct was the criterion for passing)
he was told to re-study the PT. When he felt he was ready he re-took the
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first apprais&l Actually, this was andther form of the appraisal. He v
continued this procedure until the appraisal was passed. When a subject
finished the set of six PTs, he was given'the comprehensive test covering
the whole set of PTs, the same test given to the Air Force trainees. The
subject was not required to reach any set criterion score on this test.
Subjects were than given a brief interview and completed a questionnaire
(See Appendix D.) - Once they had completed this they starfed on the "new"
material and worked on it for the rest of the week. Throughout the entire
work week subjects could tike breaks whenever they wished, for as long as
they wished. A geparate break area was pro»ided and coffee, soft drinks,
~and doughnuts were availabie, - . - -
The hard criterion of effort was based on a photographic record.,
Each working day two 8 mii-movie cameras took single frame pictures of the .
working area. Each subject's work place was clearly visable. The cameras . .
took one frame every six geconds for the entire day. The cameras were
clearly visble to the subjects, and actually made an audible click when
each frame was taken. However, subjects quickly adapted to the cameras
and by the second day, when the effort data were ‘actually collected, there
was abaolutely no evidence that the subjects were paying any attention to
the cameras. As will be discussed below, the measure of effort consisted
of the percent of time the subjects actually spent workihg on the task
'material.
e ’ . Results :
Overview' :
Analysis of the data consisted of four basic atepa. 1) generating
the regression equations, - 2) computing the derived effort scores, 3)
evaluating the hard criterion of effort, and 4) exq!’ning the predictive
. validity of the derived effort scores. Before turning to these topics,
- Wwe shall first address . the issue of the comparability of the Air Force,
“dnd simulation subjeete. '

Comparison of Air Force -Simulation Subiects '
Table 1 presents comparisons of the two subject groups in terms of

age, IQ and the five ability tests. These data indicate that the Air

Force trainees tended to be slightly older than the simulation subjects.

This is due primarily to. the fact that the Air Force group included some

trainees who had been in !the service for some time, but had returned for -

retraining in this career field. 1In fact, 79% of the Air Force. trainees °

were between 17 and 20 ‘years old. Thus except for the retrainees, the

groups were comparable in age. Although no actual education data are ‘

available our experiences with this course (Pritchard, DeLeo and Von

Bergen, 1974) suggests that almost all of the Air Force trainees had

some high school and about 70% had completed high school. This

corresponds closely to the amount'of education of the simulation subjects. !
The Table-also indicates that in terms of IQ and Paragraph Meaning,

the ability level of the simulation subjects was higher. However, the

two groups were about equal in terms of Mechanical, Spatial and Study Skills

lbility. For both groups, aubstanﬁial variability existed in ability.

18




& Table 1
Comparison’-of Air Force and Simulation Subjects
- AF Subjeets Simulation Subjects
Vi (N=187) (N=60)

Variable X » S.D. Range J .i S.D. Range -~
Age '19.3 2.4 1732 17.4° .6 17-19
IQ 92.6 9.2 70-127dm 107.9 15.9 63-137 g
Par#graph Meaning 80.6 21.9 0-124 101.5 21.2 48-127
Mechanical 24.6 4.6 9-35 24.8 4.9 14-36,
Spatial 15.4 5.6 0-28 _ 16.5 6.5 5-28
Study Skills 23.2 3.2 9-34 26.1 4.9 11-33

Generation of the Regression Equations
\The basic strategy here was to attempt to predict performance on the
training materials from the ability data. This predicted performance
score would then be compared to the actual performance score to obtain the
‘ derived effort measure. The optimal proceduré would be to generate a
" regression equation on the Air Force trainees and apply. this equation.to
the simulation subjects. This would eliminate the possibility of capi-
talizing on chance that would exist if the equation was based on data
, ftbm .offly the simulation sample. Thus, the primary regression analyses
o ' were done,with the Alr.Force data.
However, it was possible that the Air Force equations simply
would not fit the simulation data. The subjects in the simulation were. .
of higher ability, and although the }garning situation in the simulation
was similar to the Air 'Force settingNthey were, of course, not exactly
the same. Thus, equatﬁbn?’were also constructed for the subjects in
the simulation.
Four performance cr ia were used as dependent variables in the . :
regression equations. Th irst was total PT time. This is the total ¢
amount of time a subject took to complete the six target PTs, less the
time taken to complete the appraisals. Since the time to take the
appraisal is really testing time, it is not, strictly speaking, time on
the PTs themselves. The second performance measure was the average of
the scores on the six appraisals. It was sed only on the score of the
appraisals that were passed. That is, if a subject took the test and
failed on his first attempt, but passed on his second, .only his second
score would enter the calculation of his mean appraisal score. The
' third measure was his score on the comprehensive test taken after the
last PT was completed, and which covered the material on all six PTs.
The final score was an overall performance measure compos of the three Q\\
previous variables. This score was calculated for each subject by
weighting the time to complete score twice as heavily as the sum of avers
age appraisal score and the comprehensive test score. For this cal-
culation, the following equation was used: : N ’
Composite Score = '

4

2 2000 -{ Minutes to Complete PTs +

¢ mittutes -
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Mean Appraisal Score + Comprehensive "Score
+ o mean appraisal o tomprehensive
score - score
. L —

Time to complete freverse scored) was welghted more heavily since
Air Force personnel .felt speed was the performance variable of prime
concern. ' A he . .

In order to deal with possible shrinkage, regression equationg were
developed using a double cross-validation procedure. The sample was
randomly split into two equal groups, and bulld-up stepwise regressions
were calculated for each sample, A-and B. The weights developed in
sample A were then applied to sample B, and the weilghts developed in B
applied to A.

Results of regression anal&ses on the Alr Force data are presented
The development and cross-validation analyses are presented
For each analysis, the
specific ability tests entering the equation are presented in order of

in Table 2.

to edch of the four performance variables.

their entry into the equation.

presented in order of their entry.
Inspection of the table indicated that prediction was generally

The best overall index of predictability is the composite

score, and for thig, measure, the multiple r for the total sample was .59.

This compares very ‘favorably with typical selection studies where

‘ quite good.

predictive validities generally range in the .40s and .50s.
also  indicates that the equation are quite stable.

The resulting multiple R is also

The table
Cross-validated

Rs are quite close to the magnitude of the K's based on the development

4
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Table

2

ression Equations Predicting Criteria
Using AF Sample

’

Performance| Total Sample A Sample B 3 to A ’A to B
Measure Sample : .

| (N=187) (N=90) - (N=97) : ‘ . i
Total PT | IQ .40*% | 1Q .45%% | Para  .33*% | !
Time Study  .43%% | Study .48%% | Mech .38*% ! |

o Para .44%*% | Para 49%% | Study  .40% ot

Moch  .44%* | Spatial .49%*| IQ .40% |
Spatial .44%* | Mech .49%* | Spatial ,40% i WAL |.38**

) (N=191) (N=90) (N=101) T [ .
Average IQ L48%% | IQ .50%* | IQ Y il !
Appraisal | Spatial .54%* | Spatial ' .59%* Spatial .55**: ’

Score Mech .54%% | Mech~ .59%% | Para S53%%. |

' ‘1 Study .S54%*% | Study $39%* | Study S5 3%*

Para .54%% | Para .59%* | Mech L53%k  STkR ¢ 51A%.
i L)
20 .

24
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(N=191) “(N=90) (N-lOl)~MJwiuuyrm——~-m~1~'-h“~_.
Compre- |- IQ .51%% | IQ .54%% | 1Q NA:EE
hensive .| Study * .52%* | Spatial .55%%* | Study . .50%% (
Test Mech .53%% | Para .60%* | Mech .S51¥%
’ Para .54%% | Mec. ~ .61%* | Spatial .51%*
Spatial .54%* i | Para ' .51%% | [55%k | 44k
(N=187) C(N=90) (N=97) e
1Q .52%% | 1Q .57% | 1q 51k | )
Study S57*%% [ Study  .60%* Mech Shkk | ]
Composite | Mech .58%*% | Para .61*%* | Para S6*% '
' Para .59%% | Spatidl . .61%* | Study  .57%*
Spatial .59%¢ | Mech .61%* | spatial. .57*%% f60** 36%%
 *p < .01
*kp < ,001

’

sample. The average shrinkage-was only .03 correlation units.
Analogous data for the simulation sample are presented in Table 3
These analyses utilize the ability data from the simulation sample to
predict performance in the simulation.

Table 3
Ability Based Regression Equation Predicting Criteria Using
Simulation Sample

Perfo ce | Total . | Development I Cross
Measure | -Sample . Sample | Validated R's
i
| (8=57) g(N=39) (N=18)
Total PT "1 10 40%k  (Medh  L4GH
Time Mech Jabkk 1 IQ wS51kk -
. Para  .A5%% !Study .51%* :
Study .45%% [Para » .5l%%
Spatial .45%% ) .36
(N=57) (N=39) (N=18)
Para ~ .52%** ' Para ARk
. Mech ° .54%*%* . Study .45%%
Average ‘1Q . S4%kk | Mech = .46%**
: W ¢ ¢ | Study  .54%¥%1Q LG R% .
Spatial .54%%% - NT:LLL
— ,
(N=57), (N=39) (N=21)
Comprehensive .Para .81%*% | Para LT 2%%%
Test . IQ * .85%%k | Spatial .76%%*
- 1




: > ‘ .
- r
,  kkk) - ,
Study .86 ..l Study o 79 *kk S .
. Spatial .87 _ .1 1IQ° .79 *kk E
Mech .87 Mech .79 **i/. T\« 90 *Ak
koAl INN
‘ (N-57) . (N‘39) i . /’//// b | .
Composite ; IQ  .60 ®kxfIQ . ,59v#rﬁ . .
Mech .62 xx#| Maeh .64 Mk " e
Study .63 *xx| Study .64&#** .
Spatial .63 x%x| Para 65 ik a
Para .63 %#*x| Spatial .fj/**k .63%% ’
7
* p< .05 c .
% p < Q1 N g
%%k p < ,001 _ Co . | .
, , /A

The cross validation procedure was somewhat different for these daéa.,

Due to the small sample size (N=57)2 a double cross validation procedure

was felt inappropriate. Thus,-a tradi:ighal cross validation design
was employed where two-thirds of the sample was randomly selected to
.constitute the development group, and En
‘group. - i’

The data in this table indicate ﬁbat the level of predictions in .
the simulation was almost identical t®/that in the AF sample. For

example, the Air Force equations predicted total PT time .44 while- ﬁt,

the simulation data provided an R ofﬂa&S. Analogous multiple
correlations for the composite weqef}63 and .59. The simulatioh
equations were also fairly stable. J The only equation showing any real
shrinkage was for total PT time.-,/ .
: However, even though ‘the magiitude of the R's in the simulation
data is comparable to those in t@ﬁ Air Force data, it should be nqted
that the order of the predictorsé entering the equations and the (£hange
in R at each step varieg from the Air Force ‘to the simulation data.
For example, IQ was the best prgﬁictor in every case when the- total
Air Force sample was used, but 'pnly in two of the feur cases for the
simulation sample. Qf

This indicates that the g

- | .
ructure of the Air Force regressiqn

equation was different from thiat of .the simulation equations. For this
reason, it was felt necessary//to more directly compare the two sets of
equations. ‘Table 4 presents ﬁata pertinant to one aspect of. this
comparison. . The regression gquations developed in the Air Force sample
were applied to the abilityfﬂata in the simulation sample and this
predicted performance was cdrrelated with actual performance. As the
table indicates, use of th ;Air Force weights with the simulation data,
results in leveld of predi é&bility very close to those obtained when

i

v

2Sinée three of the 60Lsubjects did not complete PT6, their °
data could not be used. Thus, N=57, "
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the,welghts were apﬁlied to the sampleu from which they were generated.
--Thus, - although the . actual equations for the Air Force and simulation
. ;samples differed, the two sets of equations predlct equally well An the
- ‘simulation ‘data. J
» = A second method of comparison involves comparing the scpres o . .
predicted by the Air Force equatiens with those predicted by the -
~simulation equations.. To do this, sdmulatlon subjects received
predicted ‘'scores for'a given performance measure? (1) based on the
*Air Force equation, and (2) based on the simulation equation. These
two predicted scores were thep correlated across, the 31mu1ation
subjects. The resulting correlations were;

[ . e
‘v FY

« .7

Total PT time .87
Mean Appraisal Score .89
» Comprehensive Score .96 S
Composite - .98 - '
'Thus,“the two'equations’produced almost the identfcai;rank %rdering
of the simulatien subjects. o R -
) P @ ‘ S ,
B Table 4 ' ~ L
Comparison of Predictibility of Criteria Using AF Weights Applied to L
o AF and Simulation Samples \ : .
Performance AF Weights AT Weights " Simulation B
Measure Applied to AF | Applied to, |Weights Applied to
' _ {samle | Simulation Samplé}. Simulation Sample «
Total PT . | .44%** L alsE 5%
Time, o (N=187) S - (N=57) §N=57)
/ . . - . .
Average Appraisal ShEkE NATSL - . W Dh4%%
Score _ 1 (N=191) (N=57) (N=57) . ,
Score on JShkEE b FCTCT I SR 2
Comprehensive Test (N=191) - i ==  (N=57) ' (N=57)
_ Composite SokEx |G L63%kk "L 63kkk
Performance . (N=191) N (N=57) (N=57) °
. L , '
* p< .05 ' -
a#* p< .0 . L
*%% p < ,001 = - ‘ o : ‘ +

3

Generation of the Derived Effort Scores S

-

The basic rationale in the derived effort\measure is that if ome
partials ability out of performance, the resulting residual should be
highly saturated with ‘effort'variance. However, the partialling
procedure can be carried out in basically two ways, tollowing either
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‘additive or-maltiplicative assumptions. The first derived effort. score

" assumed that effort and ability summed to equal performance. Consequent-
.1y, the derived effort score was calculated by obtaining the predicted
score for g subject on “each of the four performance- measures using the
prediction equations previously generated. These, of course, were,
based.solely on ability data, so the. predicted score was essentially
. the level of performance predicted. for a given subject on the basis of.-

- his level ¢f ability. This score was subtraéted from his attual
perfoFmance score, and this. residual constituted the derived effort
measyre. This procedure resulted in eight derived effort scores for

, each subject. One for each of the four performance variables using the

Air Force weights, and one for each of the four performance variables
using the simulation weights.

- The second type of derived effort score was based on a model which
states that.performance is a function of ability multiplied by effort.
In the previous additive model, Performance = Ability + Effort, thus
Effort = Performance - Ability, Thus, subtracting predicted performance -

multiplicative model, Performance = Ability X Effort, thus, Effort =
Performance/Ability. The derived effort score is thus actual performance
“divided by predicted performance (ability)

' Derived effort scores based on this multiplicative model were
calculated for each subject based on ‘both the additive and multiplic-

ative approaches. These were then compared to the hard criterion of '
effort. . . ‘ ‘ Ve s

.

Evaluating the Hard Criterion bf Effort ' .

v Before turning to relationshipb between derived effort and the hard
criterion of effort, it is appropriate to discuss data pertinent to
the evaluation of the hard criterion of effort.

Recall that the effort data came frqm ratings of '8 mm photographs
of the subjects. A frame was taken every six seconds. For rating
purposes, every third frame was utilized. The frame was projected on a
screen, and raters made a primary judgment as to whether the subject was
working on“the task or not for that frame. Subjects were rated for all
the time that they were not actually taking an appraisal. Thus, if a
subject was not in his seat in the picture, and he was not taking an
‘appraisal, he was counted as not working for that frame. Also, since
the material generally required eye-contact to ‘work on, a. subject was
scored as not working if he was looking up from the work, or-°talking
to a-co-worker. Subjects had been told to work on the materials
independently. This procedure’ resulted in 800-900 ratings per subject,
per - day.

The hard criterion of effort was then calculated for each subject
~as the number of ffames he was working on the material, divided by the
maximum number of frames he could have been working ' (i. e.‘appraisal time

" was removed).; .This "percentage of time on task" cOnstituted theshard
criteriou of effort.

In evaluating the adequacy of this measure, several criteria were
employed. The first was whether it produced variability.' In fact it

4
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did. The mean-percent time on task was 79.7% with a standard deviation
of 11.7. The range was from 48% to 967%. Clearly, variability was
obtained. =
‘ The second criterlon was the inter-rater re11ability of the effort
ratings. To assess this, the two raters independently rated 100 frames
for 10 subjects from each of the three experimental conditions. The
percent time on task was calculated for each of the 30 subjects, once
for rater A and once for rater B. The difference between the percent- ,
ages obtained by the two raters was then calculated and averaged across
the 30 subjects. The mean difference in percentages was 3%Z.  Thus,
~even with a fairly small sample of behavior, the ratings were highly
reliable.
The third evaluation of the effort measure dealt with cqnstruct
"v4lidity. If the effort measure is indeed a good one it should’
. correlate significantly with actual performance but since p#rformance

is determined by factors other than effort the correlation should be far

from perfect. The effort measure correlated —.44 with a total PT time,
.14 with average,appraisal score, .39 with comprehgfsive test score,
and .49 with the composite. (Note that a negativegorrelation with
total PT time was expected since the greater the effort, - the less time.
it should take td finish PTs). The magnltudes of the correlations of
effort with the primdry performance variables, total PT f{ime\ and the
composite, are in the expected range and thus add support) to the g 2
validity of the effort measure.

-Additional evidence of wvalidity could be assessed#by comparing
effort scores across the 6 PTs, and with the performance measures. We
would predict that: (1) effort scores should correlate highly across .
PTs; (2) correlations between PTs should be higher than correlations
of effort with performance. The average correlation between’effort
scores across different PTs was .58. ‘'Thus, effort. scores are fairly
highly correlated, and are correlated hlgher with each other than with
performance measures. ~

Self ratings of effort were also obtained from the subjects when
they had finished the six AF PTs. Two items were utilized. The first

s

asked "on this job I am working: ... As hard as I possibly can... About '

average ... I am taking it easy." A nine-point Likert response formag”
was utilized with verbal anchors at every other step. (See Appendix D
for the actual items). The second question. asked "In terms of the
total amount of effort I could put in on this job, I am putting in
about: ...10% effort...50% effort...90% effort." As before, a nine-
point scale was used. The sum of the responses to these two items
constituted the self rating of effort index.

The central issue here is how well the hard criterion of effort was -

related to the self ratings of effort.. The correlation between the
hard criteripon and'the self rating was .21. While .this is statiStically
significant .05), it iz quite small. .

In theory, is could cast doubt on the validity of the hard
criterion of effort. However, a more parsimonious explanation is that

the self ratings were not particularly valid. The principal reason for ‘

_ this-conclusion is that the self ratings actually correlated motre
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highly with total PT time (r = .27) than with effort. Apparently, the
subjects were not considering their actual level of energy expenditure
when responding to the items. Furthermore, self ratings of effort have
been shown in a similar context (Pritchard, Ven Bergen, and DeLeo, 1974) .
to have very low convergent vaIidity. .

Predictive Validity of the Derived Effort Measure

The primary method of evaluating the utility of the derived effort
measuregis to correlate the derived effort, measure with the hard
criterion of effort. .fable 5 presents these correlations for the derived
effort scores based on each of the. four performance dimensions, for
both the additive and multiplicative models, and for Air Force and
simulation generated weights. 1

The overall conclusion from these’ correlations is that ‘the derived
effort measure does mot predict actual effort particularly well. - For
example, correlations based on the composite ranged from - ~.02"fo .32.
The table also indicates that the scores based on the multiplicative
model did no better than those based on the additive model. - In three
cases the multiplicative was better, in two cases the additivé was
better, and in three cases they were equal. Furthermore, noné of the
differences was of appreciable magnitude.

One clear finding is that when the derived effort scores are based
on the regression equations calculated from the simulation data, they
predict effort better than when the derived effort scores come from

Table 5
Correlations Between Derived Effort and Actual Effort (N=57)

Air Force Weights | Simulation Weights

‘Derived Effort Additive , |, Multiplicative| Additive Multiplicative
Measure = +° Model " Model _| Model Model

Dérived Effort - . e :

Derived Effort - ’ ’ ST f\.

Average Appraisal; =.27% | o-e27% - -.03 ~.04

Score ‘g . . ' .

Derived Effort - " _ i '

Score ' ~§ - ;) . -3
" Derived Effort -,g SR B -q z .

Composite T W16 - i =.02 , «32%% i W 32%%

¥ p < .05 o o ' :

** p < .01 '

the independent Air Force sample. For example, for the additive model
the cpmposite derived effort scores calculated from Air Force weights

e
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- correlated .16 with effort, but this value increased to .32 when the
o simulation-based derived effort scores were used. This occurred in
‘« spite of the fact that those two derived effort scores displayed a
. correlation between themselves of .98. One explanation for this
- . pattern of results is based on the fact that the equations in fact
predict lower performance for a given subject than dp the gimulation
_equations. This mean difference would not of course, affect the  «
< correlation between the two predicted scores. Thus, the. two equations
O rank order the subjects almost exactly the same, but the Ait Force
. prediction is lower. This, of course, would result in different derived
effort scores since this predicted score is subtracted f£rom actual
- performance. If, in fact, the regression line between' predicted and
actual performance in the Air Force data was parallel to that in the
simulation data, the two sets of derived effort scores would differ
only by a constant, and thus be equally correlated with actual effort.
However, the two regression lines are not parallel® One explanation for
this could be that since there were more highgability subjects in the
simulation; thim,may have influenced the regression line. -Tiis would
imply that the relationship between ability and performance in non-~
linear. This will be discussed in more detail later. : :

Another way of assessing the utility of the derived effort measure
is to deal with it at-a more gross level than the accuracy of individual
prediction. Recall that in order to produce dﬁriability~in effort,
three experimental conditions were employed, Hourly, Fixed Ratio, (FR) .

~ and Variable Ratio-Variable Amount (VRVA) pay systems. These three pay
- o conditions did, in fact, produce variability in performance. The issue
C is how well the derived effort measures discriminated the three
conditions. If ‘the derived effort is useful,. the three ‘conditions
ghould show even a greater difference in effort than they do in perfor-
mance. - This is the case since performance contains variance due to
ability, but mean ability was constant across the three conditions. -
' Consequently, one way ANOVAS were calculated using the three
conditions as levels of the factor and : (a) performance as the
dependent variable, and (2) dérived effort as the dependent variable.
Since the pay system only dealt with number of PTs passed rather than
appraisal scores or score on the comprehensive test, only the total PT
time variable was approprisie for these znalyses. ' .

The resulting F-rtatio for actual time to complete the PTs was 7.29
(p = .002). The F for the derived effort analysis using Air Force
weights was 11.62 (p < .000), and using simulation weights was 11.89

o (p < .000). Since the order of the actual means was in the same
' direction for all three analyses, the larger F-ratios for the derived
effort analyses indicate that using derived effort does in fact result
in less error. : ! ' » ' .

In examining the scatterplotg relating deriv~d effort to actual
effort it was observed that there were a number of subjects which
exhibited a specific pattern of scores. They were subjects of
relatively low ability who finished the material quite quickly, but who
spent a relatively small percentage of time actually working on the

" task. One explanation for this pattern of scores was that these
subjects were obtaining the answers to the appraisals from other  people.
.. . T ) o
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During the conduct of the simulation it became apparent that this was
' actdalky occuring to some extent. o . . ' '
To> deal with this potential problem; a "cheating index" was formed.

It was based on the assumption that someone who finished the last of the
six Air Force PTs substantially faster ‘than they finished the first PT,
and who did poorly on the comprehengive test was probably getting the
answers to the appraisals from someone else. The logic here was that it
was unlikely that a subject would, get the answers from someone else on
the first PT, before \they weré actustomed to the, situation. Thus,
their time to complete the first PT could be viewed as their actual
level of performance. If, by the sixth PT they-were getting the
answers, they should be able to complete it much faster., If, however,
they did not actually know the material, this should show up as a low
score on the comprehensive test taken after the last Air Force PT.

Since no specific score was required to "pass" the comprehensive test
there would be no préssure to pass answers for this. ‘Furthermore,

these tests were not scored during the simulation, 8o a subject would
have no knowledge of what the correct answers were, and thus passing
them to someone else was not possible. . '

" Thus, to construct this cheating index, data from the relative time
taken to complete PT 1 and PT 6, and the comprehensive scores were
examined. The first step was to calculate the percent change in time
to complete PT 1 and PT 6. .Examination of this distrubution indicated
that there seemed to be a break in the distribution at ‘apout the 30%
point. Thus, subjects who were more than 30% faster on PT 6 than on
PT 1 were considere otentialdhheaters. The comprehensive scores for
these subjects were tMen examined, and any of these subjects who
received a score of less than 75% on tﬂe comprehensive was considered .a
cheater.~ This procedure resulted' in the elimination of 10 subjects. .

A second criterion was also employed. If a subject did very poorly on -
the comprehensive test (less than 60%) and their percent increase in
speed from PT 1 and PT 6 was positive, they were considered a cheater.
'This criterion eliminated one additional subject. .
Thus, the procedure resulted in the elimination of 11 subjects. It
is 1likely that some of these subjects were not, in fact, receiving
answers but it was felt befter to eliminate a non-cheater than retain a
true cheater. Some evidence for the validity of the cheating index is
available in that there were four subjects who were known by the
instructors to have been cheating. All four were included in the 11
subjects eliminated by the cheating index. Furthermore, all but one ‘
of the 11 eliminated were in the conditions where pay was depéndent on

number of PTs passed. It was for these conditions whgre passing a
large number of PTs was financially worthwhile. =~ = - 4 i
These subjects were removed, and the¥principal analyses’ repeated
"on the fremaining 44 subjects. Regressions were calculated; derived
effort scores were computed, and correlations between derived effort
and actual effort recomputed. Table 6 presents the results of these

analyses for the additive model derived effort scores, for both Air

A} ‘ . ~
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th Cheaters

. o . _
. Correlation Between Derived:
Effort and Actual Effort

. -based on simulation weights.

| Total Sample -(N=58) Cheaters Exclﬁded“(N=44)
Derived Effort AF Weights] 3imulation | AF Weights | Simulation
Measure : | Weights - | Weights
 Derived Effort - Total | -.09 -.29% - 40K -.39%*
PT Time . .
Derived Effort - Average | -.27% -.03 T -.26% .04
Appraisal Score a . : .
- .- L] @
‘Derived Effort - .23% .13 ~-.08 ~.02
Comprehensive Score - ' .
Derived Effort - .16 . 32%% «37%% «35%%
Composite R P
% p. < 005 ’
k% p < .01 . S, N

e

Force and ‘simulation weights. The analogous correlations for the total
sample (cHeaters included) is also repeated for comparison purposes.
The table indicates that when the cheaters are excluded, the
predictive validity of the composite derived effort increases somewhat

" —= from .32 to .37 using simulation weights. More importantly, the
data suggest that when cheaters are removed, the composite derived
effort based on Air Force weights predicts equally well as does that

Thus, the difference in the predictability
of effort found in the orginal analysis is probably due to the ’
presence of cheaters in the simulation. . -

' The ANOVAs comparing actual performance (Total- PT time) and the
derived effort scores across the three conditions were also repeated
with~cheaters excluded, The F-ratio for actual PT time was 3.86
(p = .029), for derived effort (additive model) using AF weights it
was 5.69 (p = .007), and when simulation weights were used in was 7.49
(p = .002). As with the comparable analysis with'the total sample,
using derived effort results in more pre¢ision, v

Although these results were more encouraging than the original
analyses, the level of predictibility of effort was still low. However,
upon examining the scatterplots of derived effort with actual effort
once the cheaters were removed, it was observed that subjects with low
ability tended to be outliers from the main clustering of points. They

. generally tendea to have ‘decived effort scores higher than their actual
effort. This suggested that actual level of ability might moderate
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sthe relatignship between derived effort and actual effort. .
A Consequently, the sample was split into high pna low ability groups'
- 'on the bas{s of the simulation equation scores, Subject's whose -
predicted performance (ability) was above the median were considered
high abiltiy, those below the median were conBidered low ability.
Regression equations were then developed for 'the two groups
separately. Due to the small sample size (N = 22 per group) only two P
predictors were used in these equations. These were the two best '
predictors from the total sample. Derived effort scores were then
calculated for -the subjects in each group based on the equations for
that group.. Derived effort scores were calculated for only the two
-..major performance variables, total PT time and the composite. °
Results of these analyses are presented in Table 7. As the size .
of the correlations indicates, ptedictability 1s substantially e
"increased when the sample is broken down by ability. Titis implies that '
somehow ability and effort are combining differently for high and low - '
abllity subjects. , - . '

’

. . §T,able 7 . . - - < T
. v Correlations Between Derived and Actual Effort,
by High and Low Abilitnyubgroup?
Derived Effort ‘ b Correlatiop Between Derived .
Measures . and Actual Effort -
Low Ability High Ability
(N=22) : L (N=22)
B Derived Effort - Total -.55k% .- -.43%
PT Time ' _ 1 ' \
Derived Effort - Composite 5l kk N VX )
* p < .05
% p < .01 , -

Summary of the Results B .

1. The simulation subjects were roughly comparable to the Air Force
subjects. The major difference was that there weré more high
ability subjects in the simulation sample, but both groups showed
good variability. . ' .

2. The ability test battery predicted performance quite well. The
composite performance index was predicted .59 in the Air Force
sample, .63 in the simulation sample, and .63 when the Air Force

: s
weights were applied to the simulation data. The«degree of index -
shrinkage was quite low. ’

» ) )
i 3. The structure of the Air Force equations differed from the
\\\\\, simulation equations, but they predicted simulation performance ¥
o .
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~ equally well, and the predicted scores from the two eguationé
. were highly correlated.
. ' v . RE . .
4., The hard criterion of effort diaplayeépwﬁde'variability, excellent
. reliability and good construct validity. x
5. When the entire sample was ueed,vdérived effort did not predict
actual effort’ particularly well., , .

6. . Derived effort scores based on the muJ:iplicaélve model did not

predict effort any better than derived effort scores based on the
aqgitive model. ¢ .

7. Defiyed effort scores discriminated the three experimental
conditions better than actual performance. '

8. When cheaters were remgvédffrom the sample, prediction of effort
increased somewhat. i A , :

9. When separate analyses were conducted on high and low ability

subsamples, prediction of effort was falrly good. The correlation

for high ability subjects was .44, and .54 for low ability subjects.

. Disscussion and Conclusions - .
f - ) o . U
Given the results presented above, the major issue now becomes how
well did the derived effort technique work, and under what circumstances

could it be useful. It is te these 1ssues we now turn.

It is clear from the data that the g:rived effort measure produced
statistically significant correlations th actual effort in almost
every case; However, the presence of statistical significance is not
enough to suatify utilization of the techniqpe. The actual magnitude
of the relationship must be considered. ' .

In considering this issue, we shall assume that the begt estimate of
the correlation between prédicted and actual effort comes from the
sample with the "cheaters' removed. There is good evidence that at
least some of the subjects were in fact getting the answers elsewhere
and, as such, they add artifical error Variance. Wwith this in mind,
our best estimate of the relationship between derived effort and actual
effort is obtained by correlations between the composite derived effort’
measure and actual effort. These relationships were in the mid to
upper 30's. . . - -

A relationship of this magnitude is not large enough to uge for
{ndividuals.’ That is, the derived effort index contains too much
error to be used for making decisions about a given’ individual. -~ - ¢
However, it would be useful for group data. That 1ey if one gtoup had
a substantially .higher derived effort score than another, it would be
fairly safe to conclude that the group with the higher mean derived
effort score was exerting higher effort. We are essentially arguin

o
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that with 4 grofip, the error associated with each individual's derived
effort score shoud be’ randomly distributed across the members of the
group. As 4 consequence, the mean derived effort score across the group
should reflect its average effort. -
The data are more encouraging when the analyses broken down by high
and low ability are considered. In these analyses, correlations between
predicted and actual effort ranged from the mid .40's to the mid .50's.
‘Correlations of this size are approaching a levek of magnitude that
might be useful for individual predictions. They still contain a large
amount of error, and using the derived effort measure with such .
/j relationships would have to be done with caution. However, relationships :
“of thiSTmagniFude would be extremely useful, for groups.
‘The real issue here is whether the larger relationships found when .
the sample was broken down into high and low ability would, in fact, - . .
replicate in another sample.  On a post hoc basis it is not unreasonable
to argue that they would. It seems quite possible that ability and
effort do in fact combine somewhat differently for low and high ability
trainees. It remains to be seen, however, whether the finding would .
replicate, .
In the introduction to this report, four major advantages were
claimed for the derived effort index. It was argued that the technique:
(1) would be an individualized procedure; (2) when used in an incentive
gystem rewards could be given on the basis of effort rather than
performance; (3) if used ih an incentive system, trainees would have an
equal chance to get incentives regardless of their ability; and (4) .
would be a useful measure of effort with which to compare different
groups. We shall now discuss each of these potential advantages in
the context of the results obtained from this research. ~
(1) Individualized. The derived effort technique is indeed
individdalized. It utilizes data from the individual. His ability is
considered, and the predicted score generated from his ability data is
compared to his actual performance. However, whether a technique is
individualized per se is really a matter of instructional philosophy.
The technique must also have other utility if one is to argue for its
use. : ' :

)

(2) _Reward can be based on effort. The data suggest that if the
derived effort measure was used gs an index of individual effort, and
incentives were awarded on the basis of the derived effort scores for
individuals, there is too much error in the system to enable one to say '
that rewards were in fact given on th¢ basis of effort. Thus, the data

" indicate that when used for individuals the technique will not give
rewards based on effort. However, if groups are given incentives on the
basis of mean derived effort scores, one could argue that rewards were
based on effort. This argument rests on the reasonable assumption that
errors of ‘predicting actual effort from derived effort would be random,@j
and thus mean differences between groups reflect actual differences in
effprt. This 1s especially true if scores are based on high. afid low
abflity groups separately.
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(3) Trainees have an equal chance to get incentives. Regardless of.
whether the derived effort score is a,good measure of effort, it still
has the definite advantage of tending to equalize the chances for earning
incentives. Since high ability trainees have higher predicted scores®
than low ability trainees, the higher ability people must perform at

a higher level to obtain incentives. Thus, lower ability students should
see that obtaining incentives is more within their power than in the
gituation where actual raw performance is rewarded. Thus, the derived
effort score is useful for those groups. :

(4) Useful for comparing different groups. Clearly,the derived effort
technique would be useful for comparing effort in different groups. For
example, if a new instruction:i{technique was ‘intrgduced, and one wished
to compare the level of motivation produced by the two techniques, the
derived effort index would be an excellent way to do this. This is
especially true when the actual level of ability of the samples exposed
to the two techniques differed,

More importantly, the derived effort index gives one a common metric .
with which to compare different courses. In many cases it would he
possible to directly compare different courses whose content,
examinations, and formats were quite different.  We shall consider this
in more detail below.

-

Suggestions for. Implementation

Thus far we have been considering ways in which the derived effort
index could be used in only a very general way. The conclusion is that
t is a very useful index for group effort, but probably not appropriate
for individual assessment. Within this restriction, however, it has a
number of very practical uses. The research was originally conducted
with a view toward the Advanced Instructional System (AIS), and these
applications to be discussed apply directly to the AIS. However, many
of them could be used in any training course. - ®
(1) Within a given course. A very useful application of the

derived effort index would be to compare different parts of a given
course. The issue is whether different parts (e.g., blocks) of course
result in greater levels of motivation than. others. ~If this could be
determined, it would be of great aid in redesigning courses. i The
procedure would basically involve generating the predicted scores for
total course performance and then breaking it down by block. Let us
use time to complete the course as the criterion of interest for an
example, although exam scores or any other criterion could be used. One
trould first predict speed of completion of the entire course from the
ability data. However, since the blocks vary in amount of material,
the prediction of speed of completion must consider this. Suppose, for
example, ‘there were three blocks. Based on available data trainees
average 20 days on the first block, 30 days on the second, and 50 days
on the third. Thus, average time to complete is 100 days. The first
block represents 207 of total time; the second, 30%; and the third 50%.
Thus, the predigted time to complete the course for a given subject
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- would be proportioned according to these percentages to obtain a
prediction of his time to complete each block. If a given subject
received a predicted score of 110 days, we, would predict he would
complete block 1 in 22 days (20% X 110), block 2 in-33 days, and A
block 3 in 55 days. His actual time to complete each block would then
be subtracted from his predicted time. v

- Once this 1s done for all students, the méan derived effort by

~block could be calculated. If the three blocks result in equal

. motivation, the derived effort index should be near’zero for all blocks.

’ . The three derived effort meéans are substantially different, it would
- - indicate that differences in motivation were present. . . , <
. This procedure could be refined by doing separate analyses for-high
. and low ability students. The results would indicate whether high and
- low abiltly students exhibited the same pattern, of motivation across e
blocks. . , : i w7 -
(2) Chéanges in a course. ' Another application of the derived

effart,indqx is where a change is madé¢ in the structure or procedures

in .a given course. If students in the original format of the course

have ability levels equal to those in the course after it has changed,
o simple performance measureg-tould be .used. However, as the ANOVAs in
v our data have indicated, using the derived effort index gives a,more

Precise test of effects since ability variation within conditions ig
controlled. The real advantage to the derived effort index comes
about when the actual ability cf the two samples 1s not equal. Then,

: the derived effort index would be very useful.
A (3) Comparisons between different courses. As we have discussed
) ’ above, the derived effort index could be very useful in comparisons

between different courses. One procedure would be to simply calculate

derived effort for the two courses and compare the two means. ‘However,

if the regression equations are based on the same sample upon which

the derived effort scores are calculated, both means should be zero.

Huwever, when one or the other courses is changed in some way, the

derived effort index should be able to detect changes relative to '

the other course. One could assess, for example, whether a technique

used in one course had an equal - impact on another course.

- Another procedure would be to go back to data obtained from students

’ who had completed the course at a given time and develop the regression
equations on that sample. If these equations were applied to another
(e.g., more recent) sample, différences in mean derived effort would be
more interpretable. ,

(4) Feedback Another application of the derived effort. index would
Mbe for feedback purposes. Instructors could be glven the mean derived .
effort score for each section they taught and the change in this value
from class to claas could be* useful information. Students could also
be given such feedback on a group basis, and it could provide them
Information about their motivation. ’ ,

(5) Goal setting. One could also use the derived effort index on '
an individual basis in the context of goal setting. As we have argued
above, the derived ‘effort index for a single individual is not an
accurate index of his own effort. However, if the individual's

¢ : L . |
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predicted gcore was presented to him as a basis for godl setting, it
2 would at least have meaning in thz sense that it represeénts the average
" .- - performance for people of comparable ability. An éasy goal could be to
meet the predicted score, a hard goal could be to perform at a level
one standard deviation above the predicted goal. In fact, one could
readily list a.number of performance goals and indicate the objective
probability. (based on the development sample) of obtaining that goal.
Overall, then, the results of the present research indicaté that
while the derived effort index should probably not be used as a
measure of effort for a single individual, the index can be considered
A a measure of group ef?ort. As such it has a number of very useful
o applications in both the AIS and other training contexts.

o
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Advertisement USed to Recruit Subjects
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Weeare looking for 20 people between 17 - 19 yea?s offage

"to work for one week on a job evaiuating written training materlals.

No special skills are required The pay will be appreximeteiy

$2.00 per hour, dependlng on what you do. The work day will be

~ from 8:30 AM. to 1:30 P. M., Monday through Friday, June 17 - ?1.

If you would like a week's work, report au_8:30 A.M., Monday,

June 17 at the‘conference'reom in the Holiday Ihn, U.S. 2k East,

o Loéansport, Indiana. - . . 'f.
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APPENDIX B

Pre—employment Electricity Test
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1. What type of aircraft is a KC~135A? -

BN

.

2. What is ‘galvan_ic corrosion?

) ~
; Define the, following terms and symbols:
3. ampere @
Y 4, static discharger

-~

5. " ‘magnetic premeability

=

8. buttock lines

/ B .'42
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‘. DEPARTMENT OF THE AIR FORCE - AS/Q/3ABR42330—107
- - HQ USAF School of Applied Areospace Sciences (ATC) 5 December 1973
_Chanute Air Force Baseg Illinois 61868 ‘ Page 1
, APPRATSAL* . e
" COURSE} ~ Alrcraft Electrical Repairman
5 » s
, SUBJECT : DC Generation and Basic Circuit Symbols and Terms

INSTRUCTIONS: Follow the directions given in each section.
‘Section I

OBJECTIVE: Given the names of electrical components, identify each
component that belongs to one of the following categories: a. source:
of EMF, b. protective devices, c. control devices, d. load devices, and
e. conductors. A minimum of 80% accuracy is required.

Match the terms on the right to the componets on the left. Place the
letter of the term in the blank provided by the compbnent. The terms
may be used more than once.

COMPONENTS ~  TERMS
1. Fuse . a. Conductor
____2. Motor b. Load Unit
3. Lamp c. Source of EMF
4. Circuit Breaker d. Control Device
___ 5. Generator - e. Protective Device
6. Thermocouple - : . | [
7. Resistor . | N
____8. MAlrcraft Structure
___ 9. Battery .

o
10. Switch . ‘ ,
Section II

OBJECTIVE: Given a list of electrical symbols and a list of units and
terms, match the symbols with their respective unit or term. A
minimum oﬁ\ggz accuracy is required.

- <
-,

*The ébove appraisal has been discontinued.
4
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— o _ - Page 2

Match the terms with the gymbols below. Place your answer in the blank
. provided by the term.” Py : . L

TERMS

1. Fuse _______6'. Circuit Breaker . __11. Voltage
__ 2. Lamp ___ 7. Fixed Resistor 12, Current.
3. Battery ____8. Variable Resistor __ _13. Ampereé
4. Ammeter ___ 9. Thermocouple ___14. Ohms  °
____5. Generator ____}d.‘Resistance ___15. Volts

SYMBOLS -

' .Y e —4::}v |
R e G h ;;&J\J\Skv——-" -:: : B
e if\l' £ ip\—1 &) é. v

Section III

OBJECTIVE: ¢iven a list of definitions'and a list of DC generation
terms match the definition with their proper terms. A minimum of
80% accuracy is required.

Match the definitions on the right to the terms on the left,and
record your answers in the blanks provided by the terms

TERMS o DEFINITIONS
1. Generator a. Voltage produced when heat is
. , applied to two dissimilar metals
2. Battery that are jointed at one end.

b. Device using mechanical energy to
produce an EMF

4. Mechanical Method c. Device using heat to produce an EMF

3. Thexmocouple

5. Heat or Thermal ‘d. Dévice using the chemical method to

—— Meghod : produce an EMF

e. Voltage produced by relative angular
’ motion between .cohductors and a
- magnetic field ﬁ
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APPENDIX D

Effort Questionnaire
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PART II
Circle the number that best describes your feelings. Circle any
number. If you feel you are, for example, between the statement in
number 7 and the statement in number 5, circle numbet §.
1. On this job I am working .

9. As hard as I possibly can
4 ’ 8. * ) . -
. . N
' 7. Fairly hard, but not killing myself

5. About average
\ ¢
3. Not very hard

1. I am taking it easy

. 2. 1In terms of the total amount of effort I could put in on this
job, L am putting in about:
1. 110z . ' !
2. 20%°
3. 30%
I y4. 407
‘ ‘5. 0% .
3 6. 60% '
7. 70% °
8. 80%
) g 9. 90%
b . d ! %
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